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B decays to excited charm mesons 
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We review several aspects of the phenomenology of P-wave qQ mesons: mass splittings, effective strong couplings 
and leptonic constants. We also describe a QCD sum rule determination to order a a of the form factor tl/ 2 (i/) 
governing the semileptonic B decays to the charm doublet with J p — (0T/ 2 , l7/ 2 )- 



1. Spectroscopy and strong decays 
mesons containing one heavy quark 



of 



The spectroscopy of hadrons containing one 
heavy quark Q, in the infinite uiq limit, is simpli- 
fied by the decoupling of the heavy quark spin sq 
from the angular momentum of the light degrees 
of freedom (quarks and gluons) S£ — J — sq. In 
this heavy quark theory (HQET) the states are 
classified by both J and se, and the hadrons cor- 
responding to the same st belong to degenerate 
doublets. In the case of mesons, the low-lying 
states s p = \ correspond to the pseudoscalar 
0~ and vector 1~ mesons (B,B*; D,D*), the s- 
wave states of the constituent quark model. The 
four states corresponding to orbital angular mo- 
mentum L — 1 can be classified in two doublets: 
J p = (0+ /2 ,l+ /2 ) and J p = (l+ /2 ,2+ /2 ), which 

differ by the values sf = | 
spectively 0. 

The charmed 2^ 2 state, denoted as D 2 (2460), 
has been experimentally observed: mrj* = 
2458.9 ± 2.0 MeV, T D * = 23 ± 5 Mev' and 
m D , = 2459 ± 4 MeV, T D * = 25^ MeV for 
the neutral and charged states, respectively. The 
state lt,„ can be identified with £>i(2420), with 



and sf = | 



3/2 



m Dl = 2422.2 ± 1.8 MeV and T D 
MeV, neglecting a possible l+, 2 component al- 
lowed by the finite value of the charm quark mass. 
Experimental evidence of beauty s p = | + states 
has also been reported 
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The narrow width 



of both the states 2^, 2 



and ljw 2 is due to their 



d— wave suppressed strong transitions, governed 
by strong coupling constants that can be deter- 
mined using experimental information . 

The not yet observed charm doublet J p — 
(^i/2> -4/2) (Do,Di) has s-wave strong transi- 
tions. Analyses of the couplings governing the 
two-body hadronic decays to pions can be done by 
QCD sum rules, in a theoretical framework where 
both the QCD heavy flavour-spin symmetry and 
chiral symmetry are implemented |l|. Three ef- 
fective couplings, in the infinite mq limit, are rel- 
evant: g (for the vertex D*Dtt) 7 g' (for D\D tt) 
and h (for DID*tt). The numerical results g = 
0.2 - 0.4, g' = 0.07 - 0.13 and \h\ = 0.4 - 0.8 
allow to predict T(Dg -► D+ir-) ~ 180 MeV and 
T(Df -> D*+ti ■-) ~ 165 MeV, and the mixing 
angle a ~ 16° between D* and D\. The predic- 
tions for the beauty sector are T(B — » B + n~) ~ 
T(Bf -> B*+n-) ~ 360 MeV §J. 



2. Semileptonic B decays to excited states 
and universal form factors 

The decay matrix elements governing B — > 
(Dq, D\)lv can be parameterized by six form fac- 
tors which allow to compute the physical observ- 
ables such as, e.g., the spectrum of the momen- 
tum transfer to the lepton pair and of the charged 
lepton energy: 

< D {v')\cj^ 5 b\B{v) > 



g+(y)(v + v')f_ 



y/m B m Do 
\-g-(y)(v - u% 
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<Dl(v', e)|c7 M (l-7fe)6|B(«) > 



ffVx (2/)e* + e* • v [gv 2 + Sv 3 (y)^] - 
» 9A(y)e f ,ai3 1 e* a v l3 v' 7 ; 

i> and 1/ are the meson four- velocities (y = v -v'). 
As in the case of B — > (D,D*)£D transitions 
Q, in the limit rn;,. c — > oo the form factors 
can be related to a single universal func- 
tion Ti/ziy) through short-distance coefHcients, 
pcrturbatively calculable, which depend on the 
heavy quark masses mt> jC , on y and on a renor- 
malization mass-scale /i ||. Such relations, at 
the next-to-leading logarithmic accuracy in a s , 
are reported in ||. A independent quantity 

r i/2 (2/) can a * so ^ e defined. 

Similarly, the eight form factors relevant to the 
decays B — > Z?i£p and £? — > -D|^ can be related 
to the universal function t 3 / 2 (2/) f§- The main 
difference with respect to the universal Isgur- 
Wise B — > D,D* form factor £(?/), constrained 
by the heavy quark symmetry at the zero recoil 
point £(1) = 1, is that one cannot invoke sym- 
metry arguments to predict the normalization of 
neither r 1/2 (y) nor r 3/2 (y). 

The QCD sum rule determination of T1/2 in- 
cluding 0(a s ) corrections has been recently con- 
sidered Q (analogous corrections for the Isgur- 
Wise form factor £ were previoulsy determined in 
0). Notice that this a genuinely field theoreti- 
cal approach in the based on QCD, The relevant 
three-point correlator is 



dx dze l{k ' x - kz) 



< 0|T[^(i),A^(0),J|(z)t]|0> 



with A,, 



hq^^hq the b 



c weak axial cur- 



rent in HQET, J v s = qh v Q \ and Jg = qn 5 h v Q lo- 
cal interpolating currents for the Dq and B. The 
residual momenta k, k', obtained by the expan- 
sion of the heavy meson momenta in terms of the 
four- velocities: P = mqv+k, P' = mq/v'+k' , axe 
O(hqcD), and remain finite in the heavy quark 
limit. 

The analyticity of H(lu , uj' , y) in the variables 
lu = 2v ■ k and u' — 2v' ■ k' at fixed y, allows to ex- 
press the correlator in terms of hadronic contribu- 



tions, from poles at positive real values of u) and 
u>' and from a continuum of states. The lowest- 
lying contribution corresponding to the B and Dq 
poles, introduces the form factor T\i<z through the 
relation: 



U po i e (u,uj\y) 



~2T 1/2 (y lf i)F(n)F+(n) 
(2A-w-ie)(2A+ -co' - ie) 



■(1) 



where fi is a renormalization scale and F(u,) 7 
F + [(x) are the current-particle matrix elements 



<Q\r 5 \B(v)> = F(/x) 
<0\JV\B o (v)> = F+(m) 



(2) 
(3) 



Notice that F(fi) is related to the £>-meson lep- 
tonic decay constant fg. The mass parameters 
A = Mb — nib and A+ = Mn — m c identify the 
position of the poles in lu and u/, and can be in- 
terpreted as the binding energies of the 0~ and 
+ states. 

H^GJfU)' ,y) can alternatively be computed in 
QCD in the Euclidean region in terms of pertur- 
bative and nonperturbative contributions 



n = rp e 



(4) 



where H np represents the series of power correc- 
tions, determined by quark and gluon vacuum 
condensates. A sum rule for t%/2 is obtained by 
matching the hadronic and the QCD representa- 
tion of the correlator in a suitable range of Eu- 
clidean values of lu and lu' . By the same method, 
considering two-point correlators, the constants 
F(fi) and F + (n) can be determined. 

Defining /i-independent constants F + and F, 
we obtain: A+ = 1.0±0.1 GeV and F+ = 0.7±0.2 
GeVl; A = 0.5 ± 0.1 GeV and F = 0.45 ± 0.05 
GeV 2. The difference A = A + — A corresponds 
to the difference rnjj — ttiq , with D and Dq spin 

averaged states of the | and i + doublets. The 
central value A = 0.5 GeV predicts rri£, ~ 2.45 
GeV with an uncertainty of about 0.15 GeV. 

Neglecting 0(a s ) corrections QCD sum rules 
would give: F+ = 0.46±0.06 GeVl § and F+ = 
0.40 ± 0.04 GeV I and A+ = 1.05 ± 0.5 GeV or 
A+ = 0.90±0.10 GeV §], by various choices of the 
interpolating currents. a s corrections are thus 
sizeable for the couplings (||),(||). The same is 
true for W ert in (§). 
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Relativistic quark models give F + ~ 0.6 — 0.7 
GeV 3 / 2 , whereas lower values are obtained: F + ~ 
0.235 GeV 3 / 2 if non relativistic models are em- 
ployed @. 

The numerical result of the sum rule for T\i% in- 
cluding next-to-leading a s corrections is depicted 
in fig.(|l]); the shaded region essentially repre- 
sents the theoretical uncertainty of the calcula- 
tion. Expanding the form factor near y = 1 as 




1.1 1.2 1.3 1.4 



Figure 1. Universal form factor 1^/2 (y) 



'1/2 



(y) = r 1/2 (l)(l- /9 2 /2 (y-l)+c 1/2 (y-l) 2 )(5) 



2.5 ± 1.0 



we get: r 1/2 (l) = 0.35 ± 0.08, pj /2 
and C1/2 = 3 ± 3. 

QCD sum rules at 0(a s = 0) Q gave the re- 
sults 71/2(1) — 0.25 and ~ 0.4, which shows 
that a s corrections, although not negligible, do 
not dramatically affect the final result. 

As for 73/2(2/), a QCD sum rule analysis at 
the leading order in a s || gives t 3 / 2 (1) ~ 0.28 
and P3/2 — 0.9. Determinations of the universal 
form factors by constituent quark models give re- 
sults in a quite wide range: r 1 / 2 (l) = 0.06 — 0.40, 
r 3/2 (l) = 0.3-Q.7@. 

Using V cb = 3.9 x 10" 2 and t(B) = 1.56 ps, 
from (|) we obtain B(B -> D Q lv) = (5±3) x 10" 4 
and B(B -► D^p) = (7 ± 5) x 10~ 4 . 

According to this result only a small fraction 
of the inclusive semileptonic B — > X c decays is 



represented by B transitions into the = | 
charmed doublet. One cannot exclude that such 
processes might be in the reach of future B- 
facilities [jnj. At present, data on semileptonic 
B — ► D** decays exist only for the sf = | + 

doublet, since the sf = | + doublet is not dis- 
tinguished from the non-resonant charmed back- 
ground due to the large width. 

We conclude by observing that predictions de- 
rived within HQET must always be supported by 
the calculation of 1/rriQ as well as radiative cor- 
rections. The role of both depend on the specific 
situation one is faced with. For the form factor 
Ti/2(y), using QCD sum rules in the framework of 
HQET, we have obtained that, similar to the case 
of the Isgur-Wise function, radiative corrections 
are quite under control while they affect consid- 
erably the value of the leptonic constants. 
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